It is well known that SCN -has important effects on the environment and the human body. It has been reported that the presence of SCN -has some relation to local goiter. 1 The concentration of SCN -in saliva can be used as identification of non-smokers and smokers. 2 Saliva thiocyanate may also have an antibacterial role in the mouth, decreasing the corrosion potential of amalgams 3 or carries danger. 4 In addition, the detrimental effect of SCN -on the iodination of proteins has been recognized. 5 The importance of determining thiocyanate levels in effluent streams downstream from a plant outlet can not be underestimated. Though not as toxic as cyanide, thiocyanate is harmful to aquatic life. Thiocyanate is a common constituent of hydrometallurgical solutions. 6 It is formed when pyretic materials are leached with solutions containing cyanide. For efficient plant control, it is important to monitor continuously and to determine the level of thiocyanate and the subsequent consumption of free cyanide in these process solutions. Several methods have been developed for the determination of thiocyanate in metallurgical processes, 6 waste waters, 7-10 biological samples, 10-18 and food. 19, 20 A variety of detection systems were applied in these applications for monitoring the level of thiocyanate in samples. The detection systems that were used in these applications include spectrophotometers, [6] [7] [8] 10, 13, 15, 16 ion-selective electrodes, 9,21 chromatography, 11, 12, 16, 20 voltammetry, 19 fluorometry, 11 amperometry 14 and flame atomic absorption spectrometry. 18 The spectrophotometric method is mainly based on the formation of the red iron(III) thiocyanate complex. 22, 23 It possesses high sensitivity, but suffers from several interferences.
Introduction
It is well known that SCN -has important effects on the environment and the human body. It has been reported that the presence of SCN -has some relation to local goiter. 1 The concentration of SCN -in saliva can be used as identification of non-smokers and smokers. 2 Saliva thiocyanate may also have an antibacterial role in the mouth, decreasing the corrosion potential of amalgams 3 or carries danger. 4 In addition, the detrimental effect of SCN -on the iodination of proteins has been recognized. 5 The importance of determining thiocyanate levels in effluent streams downstream from a plant outlet can not be underestimated. Though not as toxic as cyanide, thiocyanate is harmful to aquatic life. Thiocyanate is a common constituent of hydrometallurgical solutions. 6 It is formed when pyretic materials are leached with solutions containing cyanide. For efficient plant control, it is important to monitor continuously and to determine the level of thiocyanate and the subsequent consumption of free cyanide in these process solutions. Several methods have been developed for the determination of thiocyanate in metallurgical processes, 6 waste waters, [7] [8] [9] [10] biological samples, [10] [11] [12] [13] [14] [15] [16] [17] [18] and food. 19, 20 A variety of detection systems were applied in these applications for monitoring the level of thiocyanate in samples. The detection systems that were used in these applications include spectrophotometers, [6] [7] [8] 10, 13, 15, 16 ion-selective electrodes, 9,21 chromatography, 11, 12, 16, 20 voltammetry, 19 fluorometry, 11 amperometry 14 and flame atomic absorption spectrometry. 18 The spectrophotometric method is mainly based on the formation of the red iron(III) thiocyanate complex. 22, 23 It possesses high sensitivity, but suffers from several interferences.
In our investigation of thiocyanate-catalyzed oxidation of MB, a kinetic spectrophotometric method for the determination of trace amounts of thiocyanate is proposed based on the catalytic effect of thiocyanate on the oxidation of MB by bromate in acidic media. The reaction is followed spectrophotometrically by monitoring the decrease in absorbance of MB at 664 nm with a fixed time of 0.5 -4.0 min and was found in acidic bromate solution thiocyanate catalyzed oxidation of MB. Thus, we developed a simple, sensitive and selective method for the kinetic determination of thiocyanate. The resulting method, which has a detection limit (3σ) 3.8 ng/ml, has been successfully applied to the determination of thiocyanate in real samples.
Experimental

Reagents and standard samples
All chemicals used were of analytical reagent grade and were used without further purification. Double distilled water was used throughout in the experiment. A 250 ml standard stock thiocyanate solution of 1000 mg/l was prepared by dissolving 0.4189 g of potassium thiocyanate (Merck) in water. Working solutions were obtained by appropriate dilution with water daily.
Potassium bromate stock solution of 2.0 × 10 -2 M was prepared by dissolving 0.8350 g of KBrO3 (Merck) in an appropriate amount of water and this mixture was diluted to 250 ml. MB solution (1.5 × 10 -4 M) was prepared by directly dissolving 0.0135 g MB in an appropriate amount of water and this mixture was diluted to 250 ml in a volumetric flask. The MB solution was stored in dark at 4˚C and was replaced every month.
Sulfuric acid solution (4 M) was prepared by directly dissolving 54.35 ml of sulfuric acid concentrated (a = 98%, d = 1.84 kg/l) in an appropriate amount of water and this mixture was diluted to 250 ml after cooling.
Apparatus
A Shimadzu spectrophotometer 160-A with 10 mm glass cell was used for absorbance measurements at a fixed wavelength. A thermostat (Heidolph) was used for fixing temperature and temperature measurement precision within ±0.1˚C.
Recommended procedure
For optimizing of every reagent concentration different volumes of reagent with 1 ml of other reagents were transferred to a 10 ml standard volumetric flask. The stop watch was started immediately after the bromate solution was added and the solution was diluted to the mark with double distilled water and mixed well.
An aliquot of the reaction mixture was immediately transferred to a cuvette and the absorbance was recorded as a function of time. The catalyzed as well as uncatalyzed reaction was followed spectrophotometrically by monitoring the decrease in absorbance of 664 nm. Absorbance measurement was started exactly after 0.5 min of initiation up to 4 min to use as fixed time measurement of initial rate. The initial rate of catalyzed reaction was calculated by subtracting the rate corresponding to a blank solution containing no thiocyanate i.e. unanalyzed reaction. In order to eliminate any traces of metal ions coming from the glass surface, we cleaned the glassware used for this work scrupulously. Cuvettes were cleaned after use by immersion in nitric acid (1:2) for 15 min to remove traces of MB absorbed on the walls.
Results and Discussion
Response behavior MB is a well known redox indicator and is susceptible to oxidation irreversibly by bromate ion in acidic media leading to the formation of a colorless product.
At first, spectral absorption of MB for uncatalyzed and catalyzed reaction (under conditions 1 ml of H2SO4 4 M, 1 ml of MB 1.5 × 10 -4 , 1 µg of SCN -, 1 ml BrO3 -2 × 10 -2 M and at the fixed time 30 s) was obtained. We found that the uncatalyzed reaction is quite slow. However, thiocyanate ion catalyzes the reaction at trace amounts and it proceeds much faster. With increasing time, the absorbance of catalyzed reaction decreases at 664 nm. The results suggest that the absorbance change at 664 nm is quite high where there is no absorption at all by other species included in the reaction. The optimization of reaction variables and further determination were therefore carried out at 664 nm.
Reagents concentration optimization
In order to establish experimental conditions under which the catalytic effect of thiocyanate and therefore the sensitivity in its determination are at maximum, we studied the dependence of rate on temperature and on the concentrations of H2SO4, MB and bromate and the effect of ionic strength. The change in absorbance (∆A) was used to plot the graph for each variable and the optimum conditions were taken from the graphs for the subsequent study of the variables. The reagent concentration optimization was carried out for the uncatalyzed and catalyzed reactions for a constant time of 4 min in the presence of 1.0 µg of thiocyanate.
The effect of sulfuric acid on the uncatalyzed and catalyzed reactions was studied in the concentration range 0.040 -1.2 M. The data obtained were used for a plot of changing of absorption (∆A) versus [H2SO4], as shown in Fig. 1 . The reaction rate increases with increasing concentration of sulfuric acid up to 0.56 M. At still higher concentration, the rate decreases. This decrease in rate at higher acidic condition may be attributed to protonation of MB, which might stop oxidation or make oxidation quite difficult to occur. Thus, 0.56 M sulfuric acid was the optimum and was used for further study.
The experimental results from the study of the effect of MB concentration in the range 7. The dependence of bromate concentration on the rate of catalyzed oxidation of MB was studied in the range of 1.0 -6.0 × 10 -3 M of bromate. Under optimum concentrations of H2SO4 and MB the rate of catalyzed reaction increased up to 3.0 × 10 -3 M of bromate and this concentration was the optimum concentration selected for bromate.
The effect of ionic strength was studied by using 3.0 M NaNO3 solution under optimum reagent concentration. With increasing NaNO3 concentration, the change in absorbance decreased. Thus, we continued our study in the absence of NaNO3.
The temperature effect was studied in the range of 10 -35˚C under optimum reagent concentration. It was observed that increasing the temperature up to 25˚C increased the reaction rate. The decrease in the reaction rate at higher temperature may be due to partial dissociation of MB at higher temperature. Thus, 25˚C was chosen for further investigation.
The time effect was studied by measuring the absorbance and changes in it during 0.5 -6 min. The reaction rate increased up to 180 s. At still higher time, the rate is almost constant. Thus 180 s was selected as optimum.
Reagent concentrations, acidity and temperature selected in the indicator reaction are not effective on the rate limiting stage so their effects could be considered to be constant during the determination except for the effect of analyte i.e. thiocyanate. The reaction mechanism and the catalyzed effect of SCN -on the oxidation of MB with acidic bromate is similar to those of vanadium(V). 24 The thiocyanate dependence study showed that the initial rate is proportional to the thiocyanate concentration with pseudo first order in thiocyanate. Therefore, the kinetic equation for the oxidation of MB can be given by Eq. (1), where k1 and kl′ are composite rate constants.
A calibration graph was obtained by applying the fixed time method under the optimum conditions and in the concentration of 5.0 -180 ng/ml [SCN -], respectively (Fig. 2) . The linear regression equation relating initial rate, is given in Eq. (2). It is in agreement with the proposed rate Eq. (1).
The experimental detection limit is 3.8 ng/ml (three times the noise level). The relative standard deviations (RSD %) for the determination of 10 and 150 ng/ml (n = 8) are 2.8 and 1.43%, respectively.
Interference studies
In order to investigate the analytical applicability i.e. selectivity of the method, the effects of several interfering ions that are usually present with thiocyanate were examined by carrying out the determination of 10 ng/ml thiocyanate. The results are shown in Table 1 . As can be seen, most of cations and anions do not interfere. The interfering effect of Fe(II) was decreased by addition of EDTA. 25 Some anions like nitrite and sulfite have an influence on the rate of reaction. Therefore, they are reported as interfering anions. Some biological compounds such as glucose were tested. All of them do not interfere up to 2500 fold.
Determination of thiocyanate in real samples
To examine the applicability and validity of the proposed method for determination of thiocyanate, we analyzed various samples collected as in the procedure.
At first, this method was applied for the determination of thiocyanate in saliva from smokers, non-smokers and in serum. Saliva samples (four for smokers and four for nonsmokers after getting up in the morning) were collected, centrifuged for 5 min with a rate of 2000 rpm. Different volumes of supernatant liquid were diluted to 10 ml in a 10 ml volumetric flask. The thiocyanate content was determined by the recommended procedure. For the serum sample (four samples), the following deprotenization procedure is used: to 1.00 ml of serum, 0.5 ml of 0.4 M NaClO4 and 0.5 ml of 10% trichloroacetic acid were added. Then the sample was centrifuged for 25 min at 2000 rpm. A volume of 0.50 ml of 0.3 M NaOH was added to 1.00 ml of the supernatant liquid and the mixture was diluted to 10 ml in a 10 ml volumetric flask. The thiocyanate content was measured by the proposed method.
The obtained results are shown in Table 2 , included recovery experiments of known amounts of thiocyanate in the analyzed samples. The calculated percentage recoveries were excellent in all cases ranging between R = 99.5 -100.4%, since the relative standard deviation was RSD = 2.8 -3.2%. The accuracy of the proposed method was further validated by comparison with the values found using the method reported in Ref. 26 . The results show that both series of values are in good agreement.
Conclusion
In summary, at first the possibility of determination of SCN -by preparing spectral absorption of MB was investigated. Then reactant concentration by one a time method was optimized. After optimizing ionic strength, temperature and time, a calibration curve was plotted. This calibration curve gives us an equation of curve (∆A = 0.0082[SCN -] -0.004) and a correlation coefficient (R 2 = 0.9995) that can be used for evaluating the method and that are criteria of precision. Finally, the effect of foreign ions and some biological compounds that may be present in real samples were investigated. The validity of the method was examined by using it for the determination of thiocyanate in real samples. Recovery as a touchstone of applicability of method was determined. 
